



,7*^. S' ;*? .4«fc, *r«-isj «,,, 

<A i,*, £ 

r:-:“’^ «p ^ ^ ^ 


t^«l»r» C‘1 

(L ^ 


, ■ :: "' * if ■' 

ito J '■v'a^ ib 


::d 


^ ? ,;-*^ s-^% f^.y.^ w* 9* *-.4»^ ^ 

V « ■ W- <•,», '■’ima^' ^-T ^ 


D 


,fy>vni-w 


4 BEH 2 - 5 , 1530 


'■'1 


\ (iJASA-rW-y** 1“^'^) 


PALO ALTO, CALIFOmili 

likSh/hkA LLVrtjCLD 


'i 

S 82 - 


1 }'t 12 


/NA^a-in-o-t ••• •# . , ...n roXOh 

ROTOBCEAFT “-U,0DYl.ArtxC3 A»D 

e^u3Bn»i niati-oivai AotoudUt ics 


J 


r 

L 


STHUCIUKES SES8101^ ^ 


^^ gCe 


Aduiiiii>tL' dtion) 


aud 
A«j ) 


Gi/0- 


U XiC i a 3 
1 1624 


\' ■■'N 

\.. 

V 

\ 


J : . J . 


; I 


LAriuj.i i’?.: j',;: :.:: 


hAMr B.' '-i, V;::3’‘ l!A 


VOLUME II! 
riGrodynamics and 
Giructures Session 


L 


HAA/NASA 


ADVANCED ROTORCRAFT TECHNOLOGY 
WORKSHOP 


December 3-5, 1980 
Palo Alto, Cal ifornia 


VOLUME !!I 


AERODYNAMICS AND STRUCTURES SESSION 


VOLUME 111 


AERODYNAMICSAND STRUCTURES SESSION 
CONTENTS 

P age 

CHAIRMAN’S REPORT 
NA SA PRES ENTO R S 

PERFORMANCE - Wayne Johnson 111-31 

ACOUSTICS - J. P. Raney 111-55 

VIBRATION - Robert J. Huston I11-R5 

COMPOSITES - H. Benson Dexter 1 1 1-109 

SUBSE S SIO NS 

PERFORMANCE - William Walls, Chairman 1II-137 

ACOUSTICS .- Robert King, Chairman I1I-163 

VIBRATION - Troy Gaffey. Chairman lll-PJJ 

COMPOSITES - John Shipley, Chairman 111-357 



CHAIRMAN’S REPORT 


CHAIRMAN 

lECHNlCAL SECRETARY 

Subsession 

Porfoniiance 
Ac oust ics 
Vibration 
Composites 


HAA/NASA AOVANCEO TECHNOLOGY WORKSHOP 
AERODYNAMICS AND STRUCTURES SESSION 

Volume 111 


David S. Jenney 
Robert J. Huston 

Chairman 

W . Walls 
R. King 
T. Gaffey 
J . Sh i p 1 ey 


AiKiit ional Presenters 


Jack Landgrebe 

United lechnoiogies Research 

Willi am Wails 
Boeing Vertol 

Charles Cox 

Boll Helicopter Textron 

Willi am F . Wh i t e , Jr . 

U.S. Army (AVRADCOM) 

E. Robert Wood 
Hughes Helicopters 

John 1. Shiplev 
U.S. Army (A'. l ADCOM) 


Sikorsky Aircraft 
NASA-Langley 

NASA Pri^sentor 

Wayne Johnson 
J. P. Raney 
Robert J. Huston 
H. Benson Dexter 


Center 


111-1 


The four basic subjects covered in this session are shown in the cover page 
program. Four NASA presenters were: Wayne Johnson, Phil Raney, Bob Huston 

and Bensen Dexter. The individual subsessions were chaired by Bill Walls of 
Boeing Vertol, Bob King of Hughes, Troy Gaffey of Bell and John Shipley of 
the Army - Langley. 

We spent about two hours on each of these four subjects and handled them one- 
by-one. The conclusions from those two hour sessions weren't voted upon. 

I'm not presenting the results of a tally of that sort. This is a much- 
condensed summary of the consensus that seemed to come out of our discussions. 

To start, we tried to relate what the users said in their talks on the first 
day (see Volume II) to the topics we were discussing. We kept score of how 
often things were mentioned - at least those things that were mentioned in the 
sense of being important and needing work. Figure 1 shows the matrix that 
results. To clarify the chart, it counts only items specifically mentioned. 

1 don’t think there's anyone who spoke for the users that would not say 
reliability was important, but only eight of them actually mentioned it on 
Wednesday. However, you note reliability came out at the top of the list. 

This chart has a number of interesting messages in it, and 1 won't try to give 
them all to you. For example, one of oir- panels is on vibration and if you 
listened for the speakers to ask for lower vibration, only two did that. 
However, if lower vibration is also a way to get better reliability, as we 
think it is, then eight speakers asked for that. So there is a need for 
translation that this chart attempts to do. 


USER flEED flATRIX 
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You also didn't hear speakers calling specifically for composite airframes 
and that was another of our panels. Again, they were asking for reliability. 
They did ask for reduced weight and lower cost and all of those are the 
payoffs of composite airframe. So it turns out if you keep score this way, 
all four of our subsessions were requested by the users, in our interpretation, 
whether the user said it quite that way or not. 

Our subsession on Wednesday afternoon heard a synopsis of the NASA program as 
it exists now. Then, on Thursday, we went into critiquing that program. 

Since the plenary session didn't hear the synopsis of their program, this 
sunanary will cover, briefly, what they are doing, and then our response to 
that program. 

Covering Aerodynamic Performance first, the NASA program was neatly divided 
in subsets as shown in Figure 2. It ranges from woi'king with aii foils alone, 
two dimensionally, through adding the rotational effects to make a whole rotor, 
complete rotor performance and loads, and fuselage - rotor interactions and 
finally complete vehicle aerodynamics . Their program, which has many elements 
in it, was subdivided to cover this whole spectrum. As you'll see tlnoughout 
all four of these sessions, there's been a lot of interaction prior to this 
meeting between industry, pai'ticularly, and NASA, and their program alteady 
reflects a lot of this interaction. So our session was marked by much more 
agreement than disagreement with what is planned. 

NASA is doing a number of experiments using laser veloc imeters . Four laset 
beams intersect at the tip of a rotor blade. With those four beams, they can 
measure two compotienls of velocity at a point in the stream near tiie rotoi tip 
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without disturbing the flow at that point. This is a very powerful tool being 
used in a variety of ways as we get into some of the tough problems of rotor 
aerodynamics. Another tool on site at Ames is the RSRA. A number of programs 
now can be launched in that direction, and we really haven't begun to invent 
all the ways it might be used. 

Now to the critique and our interpretation of the user's requests, (Figure 3). 
One item that we've classified under performance and that showed up a number 
of times on Wednesday, was the need for real ongine-out performance, for a real 
twin engine helicopter. Now, that might be interpreted to mean, "put in very • 
ample power;" somebody said, "do it like the French do." Or, it might be 
interpreted to mean - pay attention to the performance of the aircraft in those 
environments where you only have one engine, and where it's critical. That's 
the end of it that the performance people need to address. Over the years, 
we've done a lot of work on hover performance and high spe; -J performance, but 
if you are concerned about what happens when an engine quits in the process of 
takeoff and landing, that's another element of perfo*"mance that really hasn't 
gotten much basic research attention in the past. The users kept telling us 
on Wednesday that that is very important. To just put in bigger engines is a 
partial solution at best. The aerodynamicist has a oroblem too, and it's a 
tough one. It involves all the sophistication of the problems he's been 
working, plus unsteady flows of the rotor, unsteady motions of the pilot's 
controls, and all that goes with that. So, we spiked this out since NASA 
doesn't have a current activity in this area (There are a few things that 
relate, but it really doesn't have much attention), and we kind of outlined 
here what should be done. To start, there's a need to develop or acquire a 
suitable mathematical model and simulation that can handle those problems, 
and to get data in wind tunnels and, hopefully, in flight to prove that those 
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models are correct. Then, the analyses can be validated using the data. 

This effort would make the tools available to analyze this problem, the 
engine-out transient performance problem, in the same kind of sophisti- 
cation that we handle hover out-of-ground effects. 

The rest of the aerodynamics needs can be broken oown between fuel 
efficiency, which shows up in several advantages to the user, and increased 
speed. Of course, the configuration session got into speed. Here, we are 
really talking about advanced highspeed helicopters of the more conventional 
configuration. The program, as it was laid out, really seemed to address 
fuel efficiency in just about every way anyone could think of. In our dis- 
cussions of this, no one had much to add. It's a good program. It was 
endorsed. 

Speed is more than just performance. One of the reasons a helicopter 
doesn’t go faster is that it then begins to shake or to make too much 

noise, or become hard to fly, or to produce loads in control systems; so if 

speed is going to be increased, it takes a systems approach - an interdis- 
ciplinary attack on speed. We had a lot of discussion about that in the 

course of our day. How does that relate to what NASA is doing? There were 

a couple of suggestions for things that might be different. One is that in 
model rotor wind tunnel testing, we should try to get more of the things we 
want to learn about in-flight behavior. It's desirable to measure vibration 
and measure noise - not just performance. The measurement ir- fhe tunnel of 
vibration, which properly indicates how an aircraft will sf^\e, and the 
measurement in the tunnel of noise are both in their infancy, and can well 
get more attention. That would help us get more speed in a real sense. 
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Our second subsesion was on acoustics and the NASA acoustics program 
addresses primarily the four bullets in Figure 4. The major objectives 
are to reduce rotor noise; develop a way to predict the noise (external 
noise), reduce Interior (gearbox) noise, and finally, define what noise is - 
what is it that bothers people about noise. 

There is a well laid out program that covers this across the board. 

In addition, NASA is currently responding to industry requests to put 
more attention on this area. They're in the process of coming up with an 
outline of a new initiative to broaden the current program. Hopefully, 
our critique here will help in planning that initiative. NASA is saying, 

"hero's our program, but we hear you and we are going to expand it, or 
propose to expand it." We were really critiquing it before that expansion. 

Now, what is the noise problem? We've attempted to sunm.arize this it: Fiqwre S. 
The noise problem is very complex because there are several sources of 
ncise. These include the "conventional" noise of an airfoil going through 
the air as on an airplane, and noise of a periodic nature because the rotor 
is turning and comes by once per revolution, and added, complex sources 
because the blade runs into its own wake, or because it goes transonic at 
times on the advancing side. These all add >jp and what you hear is the sum 
total, but the analysis of each source is a little different. How you would 
measure each of those sources ;s also a little different, so that it is quite 
complex. Typically, researchers that are working on one piece of the problem, 
and have an enormous challenge, are not even addressing another part over on the 
other side of this chart. 
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ROTQRCRAFT ACOUSTICS 
OBJECTIVES 


» TO PROVIDE A TECHNOLOGY BASE FOR REDUCING ROTORCRAFT BLADE NOISE WITH 
MINIMUM PERFORMANCE PENALTY. 


TO DEVELOP AND VALIDAlE AN ACCURATE METHODOLOGY OF ROTORCRAFT NOISE 
PREDICTION. 


TO DEVELOP THE TECHNOLOGY FOR REDUCING ROT' RAFT INTERIOR NOISE LEVEL5 


TO QUANTIFY The ANNOYANCE CHARACi tOIi' 


JF ROTORCRAFT NOISE. 


Figure 4 
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ROTATING :LADE NOISE COfIPONLNI'S 
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So^ helicoptor noise is vi l)i(j problem with NASA's program* both here and at 
Langlev. addressing just about all of it. It was pointed out several times* 
that trying to tie tnis all together to get the whole picture remains. 

Irrternal noise is ■> par't of tlie progr'am. Most of the internal noise is 
gent'rated by the t ‘ ansiniss ion* and there are a number of ways to reduce tiiat 
noise wfrerr gt'neiM ni or* on its way from the t rarrsmiss ion to the ear's of the 
passenger's. A four' year' plarr working towar'd demotrstrat irrg ways to do this is 
under'way at NASA - Langley. 

Another unigue facility her*t' at Ames for* measur'ing external noise is the YOSA. 

It is a super' quiet air'plane. You may have seeir it flying around - I doubt if 
you've heard it flying ar'ound. It carries microphones on the tail. Ihe 
helicopter' wliose noise is being measur'ed, t lys in for'mat ion with it* away.frem 
any obstr'ucf ions* so that you then get fret' air noisi' measureiiuMit s in a ver'y 
nict'ly controlled environment, ijurte a unique facility; ami by sluiping (lu'ir 
foi'ination dif fer'ent ly, they can measur'e the muse in a diffei'ent a/imulh 
ra'liitive to t lu' helicopter - to the sourct'. 

Our* critique is summari/ed in 1 igur*e b. Ihe tir'st need is low external noist* > 
a number of t lie user's asked for it. What does this meanf It has a number' of 
eleiiuMits to it. Kiqht now, there's a great debate going on about noist' rt'gula- 
tions. f AA is in the pr'ocess of adopting a r'ule which lu' 1 icopter's must meet. 

At the same t i:iie we're aieeting here* the manut ac t urer's ar'e gathering in Washington 
to put together* their* r*at iona le on why the I'ules slun.id be different, or* delayed, 
f or'tunate ly , we didn't get into that debate in t lu' course of our* meeting yesterday 
pr'obably because t'ver’ybody knew there was enough debate uli'r'ady takim) [iKice, 
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To meet the proposed new noise rules, things like improved tips and other ways 
of reducing rotor noise are recognized as a way to go. There isn't a lot in 
the NASA program at this point. Much of that tends to be configuration specific, 
and maybe there shouldn't be a lot in the NASA program. We will reach a point 
where all the tricks ciin out and faricy tips won't reduce the noise any more. 

The only way to go beyond that paittt is to slow tiie rotor down, if more reductions 
are needed to meet the rule. Then there is another research area that will open 
up. How do you slow the rotor down and not penalize yourself badly in performance 
01 weight? Perhaps high lift airfoils will become more important, and we'll 
need more NASA involvement in that area. Much depends on where the tule comes to 
rest and how far we can tweak things like tips to get within the rule. Nobody 
really knows that answer yet. 

Petining noise sources is a huge subject. Part of our problem in underst anding 
where we are right now is the problem of good repeatable data in fliqiit. We'd 
love to be able to do more of that in the wind tunnel, and this came up for some 
discussion and, needs an emphasis. It's a shame to have to wait until you fly to 
find out whet e you stand on noise. In the process of all the work going on in 
tlie 40 X htl wind tunnel expansi^ai and improvement , we shoulil tu? sure it is 
upgraded also to be a good noise measurement facility. Perhaps it even makes 
sense to model the way tliat tunnel would be treated in some smaller tunnel and 
make sure it's going to work so when that tunnel comes back up, we have a way 
to measure rotor noise without going out and flying it. 

Lven wlien you go out and fly to measure noise, it turns out not to be easy. 

If you run two tests on the same aircraft, or part iculaily, if two different 
agencies do it; they'll get two different answers. So, there's some technology 
of how you measure noise in a flight program that perhaps NASA can contribute 
to also. 
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A design- for-noise capability is very definitely in the NASA plan and 
that's what they're working on very hard. It's a long term job. Figure 8 
showed all the sources and shows why the analysis is tough. One thing NASA 
might consider and one that the manufacturers had to fall back on in the 
meantime, is a semi -empirical way to get noise predictions. Maybe this can 
be left to the manufacturers - we're all doing it - or maybe NASA will see a 
way they can contribute to a more universal, semi -empirical noise predictor. 

Finally, there's a requirement for quantifying the noise annoyance - psycho- 
acoustics - if you will. What is it that bothers people about helicopters? 

My next door neighbor has a power lawn mower. The kid across the street has 
a motorcyle. They make more noise than a lot of helicopters - at least in my 
living room they do. There's a suspicion that it isn't just helicopter 
noise that's of concern, but it's the fact that if you can hear something 
up there, maybe it's going to fall on you. For people who aren't in the air- 
craft business, that's an understandable concern. Maybe sometimes a noise 
complaint really is not about noise,it's about safety or something else. If 
the concern really isn't noise, it's more of a problem. If we really have to 
become undetectcble so the public won't even know that a helicopter is overhead, 
then no amount of lowering the noise standards will do any good. This could 
be very important. I think one of the user's called it an "irrational response. 
If public noise demands remain irrational, we'll be frustrated in trying to 
meet that standard, so we need to get this down to numbers. In the case of 
both the aircraft requirement and the heliport requirement, we need to have 
noise descriptors that can be put down in technical terms that you can, in fact, 
meet. Then when some private citizen comes in and says that's too noisy, and 
what he really means is, he's afraid it will fall on his head, we can say no 
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it meets the standard that has been agreed to by all the world and it's OK. 
Hopefully, reason will prevail and the helicopter's potential won't be 
unnecessarily restricted. 

There is another criteria question on internal noise. The question gets into 
the nature of the difference between the noise you hear in the helicopter and 
that which you hear in a fixed wing airplane or in other environments. How 
do you measure it, PNdB or speech interference levels or what? You get different 
numbers with different mixtures of kinds of noise, so we can't just sa> we'll 
meet fixed wing standards because of the different nature of the noise. Work 
is in process here. Noise reduction moans are in the NASA program to some 
degree now - hopefully, we'll see it in their augmented program even further. 

Let's go on to vibrations. 1 mentioned earlier that vibration reduction really 
turns out to be, in many cases, a means to accomplish reliability improvement. 

The NASA program (Figure 7) covers just about all elements of the problem: 
improving ways to predict the vibration sources, to predict better the airframe 
response, to suppress vibrations at the source, and to reduce response to 
residual vibration. It's a really good broad approach across the board. Three 
examples from that program are given here. 
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VIBRATION PROGRAM ELEMENTS 
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Figure 


Every company is working on higher harmonic control and is delighted to 
see NASA supporting this to a real hardware demonstra ion. There are some 
things you just can't analyze. 

So the user need in the vibration area isn't particularly low vibration. 

It is to get more speed, more payload, more reliability and keep the vibra- 
tion down (Figure 8). We'd like to reduce the weignt of the aadaets used 
to control vibration, to improve prediction capability, and then 
to have some concepts for working it cheaper and lighter. 

One way of reducing the weight of vibration control, of course, is to build 
a rotor that doesn't create so much excitation in the first place. That is 
one of the objectives of the advanced rotor program that NASA is now pursuing 
a major element of their program. If there was a message related to that 
that came out of our discussions, it was to be sure to keep as versatile 
as possible. Every manufacturer has his own pet idea of how you solve 
those problems, and the more versatile this methodology and hardware is, the 
better it will be able to try them all out. 

Improved prediction capability is being addressed. I mentioned the NASTRAN 
before that's the big analytical problem we've all been work nng Qn ■fQ*' g 
long time. We're getting to the point where it should be possible to really 
have a correlated analysis of the loads and of the response of the airframe, 
so, we can say with some confidence, before you fly, what the vibration is 
going to be. One of the speakers at our session pointed out that the level 
of attention to vibration goes up dramatically after first flight, as 
though we didn't know we had to work on it before then. After the first 
l^Iight we discover, "What do you know? It shakesl" We really have to get 
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out of that mode. We're not in that mode because we haven't tried. It's 
a tough problem and NASA is working on it. Don't give up I 

One relatively new element that got a lot of attention is loads coming in 
from the tail. We've all gone to high speed helicopters, and to make 
them fly better, we've put on bigger tail surfaces. More and more they 
then pick up the wake of the rotor, and we've all discovered that that's 
a pretty good source of exc'^ation as well. So you can't just work 
the rotor as a source. The tail is another one, and work in that area 
is in the NASA plan. 

I showed you the higher harmonic control in the OH-6. The message that came 
out of our discussion of that is "make sure you pursue it to the bottom 
line. It s been historic, unfortunately, that sometimes when you run one 
experiment it has a negative result even though it was a good idea to begin 
with. We hope the OH-6 test have a positive result, but should there be some 
kinds of difficulties, all the industry is wa*-ching this, so don't give up 
easily. NASA should press on until we find out whether HHC really has a 
fundamental problem or if fundamentally it will work, because we'd all 
like to use it. 

Equipment for helicopter environment may have come up in the propulsion 
session as well. This gets back to the relationship between vibration and 
reliability. We think they are strongly related, but there is really little 
good quantitative correlation that any body can point to. How much do you have 
to reduce vibration in order to get more reliability out of hardware? Are 
we already there, or how far do you go - what's the payoff? If some controlled 
experiments could define the vibration/rel iabil it.y dependency for typical 
components, we could attack reliability improvement in a more rational way. 



The NASTRAN finite element analysis of airframes has been used for years both 
for static stress prediction and for vibration prediction. In the vibration 
prediction area, it's been rather well recognized not to have been able to do 
the job. We get into heated debates as to whether the analysis or the analyst 
is the problem. If you take a "system" view of it, the system, the man plus 
the computer program, doesn't work well enough and needs to be improved. I 
guess nobody questions the mathematics. However, it's very tricky to load 
everything properly - to know how to represent the stiffnesses and masses and 
joints in an airframe so you can predict the vibration properly. It's a 
demanding problem. It's not like an airplane with a wing which has a couple 
of dominant modes. We may be worried about 30 modes of the airframe. The CH-53 
program was run many years ago to try to correlate NASTRAN (with limited success). 
There is a new program now underway to review this and essentially do it again 
better and more carefully with the CH-47. That effort is just getting started. 

Another area is the inter-action or coupling between the rotor and the airframe. 
It's now been learned you can't treat the rotor as a package and the airframe 
as a responding package and forget about the interaction one with the other, 
and so there are active programs NASA is supporting to find out how those two 
tie in together. 

Thirdly, in the area of trying to suppress the vibration, a program now has 
been turned on to fly higher harmonic control. High frequency control inputs 
will be fed into tt.e rotor, based on vibration seen in the airframe, to kill 
the vibration right at its source. Hughes is going to fly this on the 0H6 
and the whole industry is following it. 
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Perhaps we ought to write specifications differently for equipment to 
go on helicopters. Even prior to, and in addition to that, we would know 
how to target our vibration reduction efforts better. For example, we'd 
know that if you can drop from 0,2 g's to 0.1 g's in the avionics coi. oartment, 
it will save so many millions of dollars in life cycle cost. If we had 
those numbers, we'd be better able to focus our efforts, to the user's benefit. 

Comfort criteria come up in acoustics as well as vibrations. In the vibration 
area, this is a little complicated since a helicopter has more than one frequency 
of vibration in more than one direction, accompanied by noise. As we work this 
problem, how do you define goodness? What is the effect of frequency and of 
multiple frequencies? Are noise and vibration tolerances coupled or independent? 
Some basic work here would help us know how hard to work and in what direction. 

Finally, the fourth area for our session was advanced composites. The NASA 
program here (Figure 9 ) is again broad. It includes flight service evalu- 
ation on aircraft, seme basic research activities in composites applications, 
and then a new initiative looking towards the next generation of composite 
airframes which make more aggressive use of composites. 

The flight program goes way back. The CH-54 has been flying for ten years 

with boron stiffners. The S-76 is in service with advanced composites and 

the CH-53 cargo ramp is about to fly. The 206 composites program has just gone 

on contract. The S-76 stabilizer and tail rotor blades will be brought back 

from service after two. four. six. and eight years out flying in places like the 

Gulf. They will be tested in the laboratory, torn apart, cut up. bent. 

and broken to see what long term service does to advanced composites in the 
field. 
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N ASA COMPOSITE HELICOPTER AIRFRAME PROG RAM 

. FLIGHT SERVICE EVALUATION OF COMPONENTS 
. ONGOING BASE RESEARCH ACTIVITIES 
• PLANS FOR ADVANCED TECHNOLOGY DEVELOPMENT 




Figure 9 


In the Bell 206L program certain composite parts are being substitute^ for 
the normal parts, and put in service around the world. A large iiumbe* of 
parts will be introduced and then brought back after they have had service 
exposure to see what the environment does to them. NASA aims to accelerate 
the lea»-ning process in both these cases to reduce the risK that hangs over 
this whole composites a'*ea as long as there is not as nearly a big a data 
base in the use of these materials as there is in metals. 

Figure 10 indicates some of the people that NASA has been talking to about 
putting the parts on the 206. These actions are not all in firm plans yet, 
but you tan see that the plan is going to put composite parts in a lot or 
places - a lot of different kinds of environments - and we should learn some 

things fairly quickly. 


Figure 11 should clarify where the longer term NASA program fits to ACAP 
the Army's Advanced Composite Airframe Program. ACAP is now in the heavy 
negotiation, competition stage. All or the ccntractors. who are here not 
talking about it arc involved in competing for that program. What NASm 
has in mind, then, is the next step beyond ACAP. and it's not too early to 
begin thinking about that. What we're really recognizing is that «e are on 
a very s.eep learning curve in use of composites at this point. Every time 
^ou try someth- ing new, you discover how you can do it even better next time 
That steep learning curve is headed toward getting the full benefit of the 
composites. Until you have learned a'l you need to know, vou tend not to 
push the strengths of these materials as far as you should and therefore 
not to get the benefits of weight saving and/or the reliability that .s 
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POTENTIAL OPERATORS TO EVALUATE COMPOSITE COMPONENTS 


ON BELL 2C6L HELICOPTERS 


OPERATOR 


TRANSPORT CANADA 
HELl -VOYAGER 
HUISSON AVIATION LTD. 

ROYAL CANADIAN MTD. POLICE 
TRANS. QUEBEC LTD. 

TRANS. CANADA HELICOPTERS 
ROWSON AVIATION 
INTERPACE CORPORATION 
ISLAND HELICOPTER CORPORATION 
ERA HELICOPTERS, INC. 

KENAI AIR ALASKA, INC. 

MOBIL OIL CnP'\. /\TION 
BLEDSOE AVIATION, INC. 
PETROLEUM HELICOPTERS, INC. 


LO CATION 

N.E. U.S. /CANADA 
N.E. U.S. /CANADA 
N.E. U.S. /CANADA 
N.E- U.S. /CANADA 
N.E. U.S. /CANADA 
N.E. U.S. /CANADA 
N.E. U.S. 

NEW JERSEY 

NEWFOUNDLAND & LABRADOR 

ALASKA 

ALASKA 

GULF COAST 

GULF COAST 

GULF COAST 



(2) PROPOSED NEW INITIATIVE 



Inherently thoro. So, this looks Hko vt'ry limoly stop, r,Uhor loosoly 
ilotituHi. What Is it that tfu' novt i;onorat Ion will hrin^ \\\ that wo ^1on•t 
havo nowT It is too oarly to say, l! wo know what it was, wt'M prol'ahly 
ho [>ut t iiu) it in now. 

In suninary, a^ivamoii oompositos aiUlross sovoral ust'r nooJs as sjiown in I louro 1.' 
tnit I couldn't ostahlish a ono«to-ono corrospondonco from usor nood. Tho usor 
will <jot sovL'ral honofits. Woiijht, cost and roliahility aro tho primary reasons 
for advanced composites, fuel oconon\y comes from tho reduced weight. 

A separate item, pottinp rid of corrosion* is an obvious honofit. More 
aKnit crashworthiness in a moment. The first oonoi'ation advanced composites 
are in evaluation ruiht now, and the proot'am covers it well. We're looking 
towards the next generation* towards really d‘'ttlno the host out of what 
composites have to offer. We essentially endorse their prooram in these 
artMs - moi'o application to primary structuivs* not Just sec.'ndary. 

More of a look at energy absorption - crashwort hiness is lU'eded. These 
materials ttnui to be bi'ittle and if you don't di'sKjn pi*ofUM-]v. you could 
wind up with something that is not crashwort tiv. It's a potential negative. 

We ju>w know t'liough to know that if vou dt'sign propei'ly, sou can turn that 
ai'ound and it’s not a negative necessarily, let's make it a positive. 

l.owt'r costs are not automatic. Ihere are ways to Iniild things of composites 
sucfi that \ou don't, in tact, save money. Here, too, tht're’s a leai'ning 
curve, atui the secorut geiu'ration of Ai'Al' will provide ev(Mi iiMre iMvot f . Ilu' 
ai'iM 0 ^ fatigue' will tun'd t'veti nuire wv>rk and that was the one' spike'd oiit 
iti our discussions. lhat will be getting more attenti<ui as we bt'gin to push 
Hu' ?.’.ate'rials close'!' to tfu'ii' full eapability. 



WORKSHOP TECHNOLOGY AREA AERO/STRUCT. SUB-AREA CaiPOSITES 



m 



Figure 12 


And finally, we noted one other side effect of composites. If you bond the 
whole airframe, it tends to be a nice tight structure without any little 
slip of joints where there are rivets and that sort of thing. There is some 

concern that the inside of the cabin is going to be like the 

inside of a drum. Transmission noise may be transmitted better and make 
cabin noise a good deal worse than it is with a metal airframe with all of 
its imperfections. Really, at this point, it isn't known whether that's 
going to be a bigger problem or a lesser problem. There have been some 
tests that say it's not quite as bad as I've made it sound. Here again though, 
there is an opportunity to turn composites into a plus and not a minus. 
Comoosites can be tailored to do many things, and there ought to be ways to 
make the composite structure not only strong and light, but capable of 
damping out those noises before they get down into the cabin. This may be 
long term, but it's an area where perhaps again NASA can help. 

Generally, in our session, we tried to say what the user had told us he 
wanted and to respond to it. I must say that the users were generally 

not at our meetings. I hope we heard you right. 

The NASA program in the Aerodynamics/Structures area is extensive, and 
could be given only a limited treatment in the time available. This 
summary has tended to emphasize the changes we’d like to see, but it needs 
to be said, again, that the current program is endorsed in most areas. 

As helicopter fleets and usage continue to grow, technology improvement 
still to be made can have a substantial pay-off, and we welcome and encourage 
NASA's participation with us in this exciting future. 
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There are two prinary ob^ectiver. of NASA*? research pro{pran on 
heliccpter aero'^ynani cr an"^ perfornance. The first obiective ir to (develop 
inprover aero^ynanic Jer-ign netho'^ology^ for helicopters anJ rotors, thereby 
reducing the engineering ^evelcpnent require'^ for new or ir.provei rotorcraft 
c^erignr. The err result is re^^ucei aircraft f^evelopnent costs. The secon*" 
objective is to ^'‘’evelop rotors ani rotorcraft with i.rprovef^ aeroJy^^nic 
efficiency, thereby re.-^ucing aircraft operating costs. Alternatively, 
ir.prcve'* efficiency can be ur e^ to offset performance c’egraiationr tc 
other iet^ign constraints (such as noise). The approach for this research 
prcgran involves both in-house an^ ccntractef^ work. The approach consists 
of theoretical investigations, inducing analysis technique developments 
and the development of design or evaluation computer programs; snail scale 
wind tunnel investigations, including tunnels for airfoils, low speed tunnels, 
and transonic tunnels, both in goverament and in ind^ar.try; full scale win^^ 
tunnel investigations, con'^ucted in the ^^0- by POft/^0- by 120-ft ”in'^ Tunnel ; 
and flight investigations on boxh government and industry research helicopter, 
and on the "^otor Systems Pesearch Aircraft (?SdA), The aerodynamics program 
may be divide'^ into five major research areas: 2T> and 31^ aerodynamic 

phenomena; aero'^ynamic phenomena of the rotating blade; rotor aero'^ynamic 
performance an'^ leads; fuselage aerodynamics; and rotorcraft aerodynamics , 

?T an^ 3D aerodynamic phenomena are those problems of helicopter 
rotors that can be modelled by nonrotating flows, perhaps even two-dimensional 
: lows . Specific problems are dynamic stall; blade-vortex interaction; 
tip vortex icrmation, including the influence of tip shape and the ^crign 
of crti-al tip geometries; airfoil sections ; an'^ the transonic flow over blade 
tips , These phenomena can be related to the principal problems of helicopter 
rotors: ar^verre effects on performance, nigh loa'^s, high vibral ion, high 

rrire, arr adverse effects on handling qualities, For examrle, dynamic stall 
is a factor in Ica^s, vibration, an- handling qualities limitations; and the- 
bla'^e tip vertices are involved in almost all of the problems of the helicorter. 

Aero-^ynamic phenomena of the rotating blade are those problems 
that inherently involve influences of rotation on the flow, an'^ consequently 
also involve the entire rotor. Specific problems are the rotor wake, including 
* fermation, structure, influence on the blade airloads; and conputat icnal 
flui'^ dyrr^mics, including dcvelcpment of transonic (3D, rotating, unsteady) an^ 
Divier-Stokes co'^cs. . Again there research areas can be relate'^ to the 
Trincipal problems cf helicopter rotors (although rotary vrin*’ phenomen?* are 
so oc-p-ex and i r.tcr-rola te-^ that it can also be argued that every specific 
phenomena influences to some extent all the problems). 

"Cter aGro :y:.a''i c performance and loa'^s are those problems 
that involved the ‘ r.tegrated effects of the aerod yna.mics on the helicopter 
rotor, "'pecific problems are rotor per f or.m.a nee , inclu^'^ing perdiction or 
optimizc-licn, the influence cf tip planform and other variables; bla'^e 


III-31 


airlo.uir neapurenent anci prO'Uction; anvi Inver tlgatlonr of af^vancec! conf if^urationr. , 
incluc^inc full rcale wind tunnel tertr and flight tents on the RS?A. 

rurelage aerodynanics are those proMcnr tKat Involve the aerodynrinics 
of the furelafe and tail. Specific problem are the drag of the helicopter 
fuselvige and h\jb, vhich Is a factor in the aircraft Performance; and 

the aerodynamics of the aircrane and tail, which influence the helicopter 
handling qualities. 


y^otorcraft aoro'^yaamics are Ihore problens that invole the entire 
helicopter, pirtlcularly inter! eronce effectr* Specific problenn are 
the interactional aerodynamic characterir tics , both nean and vibratory 
1 nterference; and the aerodynamic pcrfornance of the complete aircraft. 

In runmary, the aerodynamic research program of NASA included 
work on the entire rrectrun of phononena, from SD nonrotating problems, 
to the aerodynamic of the entire helicopter. The research has the objective 
oi -^evcl oping improved uniers tand ing of the phenomena and the means to 
pro. let then, th\:s improving helicopter design methodology. The research 
is- also directed at u-'veloping rotors ans'* rolorraft with better aerodyn.amic 
efficiency and ex^\;.ndei caKibility. 
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?u£elago Aerodyneslcfl Inveatlgatlcaa ere being conducted of the V. Johnson, (505-42-21, 

aorodyntalc prohleas of helicopter fujselage 532-03-il) 
and tail. The vork In'/olves theoretical, snail R. Prcslox, ABC (505-42-21) 
scale wind turnel, and TjH scale wind tunnel J, Vilson. La?.C (505-42-23; 
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ROTOR AERODYNAf-ilC PERFORMANCE AND LOADS 
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Circulation Control Rotor in Ames 40x80 Wind Tunnel 
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OVERVIEW OF NASA'S ROTORCRAFT ACOUSTICS PROGRAM 
J. P. Raney, D. R. Hoad, and J. C. Biggers 

INTRODUCTION 

The purpose of this presentation is to outline the essential elements of 
N/SA's present rotorcraft acoustics program. Participating in this research 
activity are the Langley, Ames, and Lewis Research Centers. Overall program 
direction is provided by Mr. John Ward, NASA Headquarters, Washington, 0. C. 

OBJECTIVES 

NASA's goal is to develop technology leading to noise reduction and to 
accurate prediction methodology - that is, a design-for-noise capability. 
Additional goals include the reduction of interior noise and the quantification 
of the annoyance characteristics of rotorcraft noise. 

Our objectives may be enumerated as follows: 

1. To provide a technology base for reducing rotcrcraft blade noise. 

2. To develop and validate accurate methodologies of rotorcraft 
aerodynamic and noise prediction. 

3. To develop the technology for reducing rotorcraft interior noise 
levels. 

4. To develop improved noise metrics for quantifying the annoyance 
characteristics of rotorcraft noise. 

PROGRAM MILESTONES 

Our program may be described in terms of its major tasks, anticipated 
milestones, and expected results as indicated in figures 1 and 2. The 
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remainder of this presentation deals with a discussion of these milestones 
and their significance in achieving the expected results shown in figures 
1 and 2. 

ADVANCED NOISE PREDICTION METHODOLOGY 

As indicated in figure 3, the emphasis of this task is on developing and 
validating a comprehensive design-for-noise capability for rotorcraft. The 
Langley Research Center provides the focus for this activity. 

Figure 4 shows a typical result of a recent prediction validation study 
in whicn Bolt Beranek and Newman exercised the Farassat/Nystrom rotor noise 
prediction program (ref. 1) to compare predicted noise levels with an existing 
aeroacoustic data base (the so-called Bell Operational Loads S"rvey data base) 
of measured blade pressure loads and far field (ground) noise levels.* The 
calculated results were made using the Bell measured blade pressures and 
assumed a hard ground plane. Noise levels in the forward arc are slightly under 
predicted; however, the rear arc levels are overpredicted by as much as 3 dB. 

Figure 5 shows a comparison of measured and calculated harmonics for 
an emission angle of 15 degrees (forward arc - aircraft approaching). The first 
several harmonics are underpredicted which results in the forward arc under- 
predictions shown in figure 4. 

The results of this study and a similar study using Sikorsky CH-53 data 
(ref. 2) are encouraging and indicate good agreement between measured and 
calculated noise levels dominated by thickness effects and deterministic 
periodic blade loading. 

■*To be published as a NASA Contractor Report in 1981. 
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Figures 6 and 7 give further prediction validation results. In figure 6 
the predicted sound pressure pulse (thickness effects only) for a scale model 
UH-ID helicopter with standard existing blades is in nearly perfect agreement 
with the measured pulse. 

In figure 7, the same time pulse is shown on the right. In the top left 
portion of the figure is a calculation of the noise reduction potential in 
terms of SPL of the advanced blade design using the Farassat/Nystrom prediction 
program. In ;he bottom left of the figure the calculated noise reduction in 
terms of peak-to-peak sound pressure is shown to be in excellent agreement 
with the experimental results. 

The results shown in figures 6 and 7 are particularly noteworthy because 
the advanced model rotor was designed for improved aerodynamic efficiency. Not 
only was the aerodynamic efficiency increased compared to the original design 
blades but the overall noise was reduced by 10 cicv. These results are clearly 
indicative of the benefits to be obtained from the application of advanced 
noise prediction and aerodynamic optimisation methodologies in which rotorcraft 
performance and noise tradeoff studies can be confidently conducted. The 
addition of broadband and nonlinear effects to the Farassat/Nystrom program 
(as shown in figure 1) will further enhance the usefulness of NASA's advanced 
prediction capability. 


BASIC NOISE RESEARCH 

The second task area is basic noise research which attempts to isolate 
and quantify fundamental noise generating mechanisms. The effect of tip shape 
on blade/vortex interaction iBVI) has been studied and reported in reference 3. 
Figure 8 shows comparison of the noise levels of five tip shapes tested 
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which indicates that proper selection of tip shape can reduce BVI by altering 
critical vortex characteristics. The BVI phenomenon is the focus of continuing 
research on basic mechanisms and the effects of scale. 

Another major area of basic noise research is nonimpulsive or broadband 
noise. Figure 9 indicates several of the potential noise generating mechanisms 
associated with broadband noise. An experiment in Langley's anechoic flow 
facility will be conducted in the near future in which these mechanisms //ill 
be isolated and studied individually with the goal of achieving a quantitative 
ranking of the importance of each. Figure 10 summarizes Langley's current 
nonimpulsive research activity. 

MODEL SCALE AEROACOUSTIC DATA BASE 

The model -scale and full-scale data acquisition tasks are described in 
figure 11. Figures 6 and 7 showing tunnel data for the UH-ID model, high- • 
lighting prediction validation research, provide a good example of the applic- 
ability to validation of model-scale acoustic data obtained from the Langley 
V/STOL tunnel. Figures 12, 13, and 14 show an RSRA model, an AH-IG model, 
and the UH-ID model respectively in the V/STOL tunnel. These figures 
indicate the evolving application of the V/STOL tunnel to acoustic measurements. 
Using an early RSRA model, BVI was generated and measured. No acoustic treatment 
was used. The AH-IG model was used again to generate and measure BVI for 
comparison with full-scale data for this mechanism. Acoustic treatment was 
used to enhance the quality of the measurements. Finally, figure 14 shows 
the UH-ID model previously discussed together with further improved acoustic 


treatment. 


The V/STOL tunnel is presently capable of generating high quality 
acoustic data. Further enhancements will continue to improve upon this 
capability. The V/STOL tunnel will play an integral role in NASA's rotor- 
craft acoustics program. 

FULL SCALE AEROACOUSTIC DATA BASE 

The acquisition of full-scale aeroacoustic data is an essential element 
in validating prediction methodology and in quantifying the effects of scale 
on aeroacoustic data. Current planning calls for acquisition of comprehensive 
air-to-air and air-to-ground data sets for the Cobra (AH-IG) at the Ames 
Research Center in the early spring of 1981. The YO-3 aircraft used to 

acquire the air-to-air data is shown with the Cobra in station kee.’ing position 
in figure 15. 

The test matrix for the Cobra flight experiment has been jointly prepared 
and agreed upon by the Ames and Langley Centers. The results of the flight 
experiment will be used to guide and correlate with a portion of the V/STOL 
Cobra experiment indicated in figure 1. 

MODEL/FLIGHT SCALE ACOUSTIC CORRELATION 

As indicated in figure 16 determination of the effects of scale on noise 
mechanisms is an important task in the rotorcraft acoustics program. The 
first efforts will involve the AH-IG and UH-ID aircraft model and flight 
aeroacoustic data sets as indicated in figure 1 and will focus on BVl. Figure 
17 provides an example of an early attempt to correlate (mentioned earlier) 
the effects of scale on BVI for a model and full-scale AH-IG Cobra aircraft. 
Notice the similarities between the model and full-scale results shown by 
both microphone locations. This study, while somewhat qualitative, is 
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indicative of the results that may be obtained from tunnel and flight experi- 
ments that are carefully coordinated to quantify the effects of scale on 
rotorcraft noise. Success with this activity will lead to greater significance 
and usefulness of model data in determining the acoustic properties of a 
full-scale aircraft with less reliance on costly full-scale tests. 

INTERIOR NOISE REDUCTION 

Interior noise reduction studies are being conducted as indicated in 
Figures 2, 16, and 19 to achieve increased comfort of crew and passengers 
with minimum weight and cost penalties. Figure IS outlines schematically some 
of the potential methods of reducing the noise and vibration levels within the 
cabin. A program is underway to quantify the sources of the noise and to 

identify the patns of the noise into the cabin. 

Of particular importance is the structural -borne noise transmitted by 
the main rotor gear box and methods of controlling bot^ the vibrations and 
noise due to this source. The development of validated predictive models 
of the effectiveness of various noise control treatments designed to withstand 
the physical and operational constraints of a typical rotorcraft flight environ- 
ment will be evaluated based upon subjective response criteria developed for 
passenger environments. The passenger acceptance of aircraft interior noise 
and vibration as well as coimunity reaction to the exterior noise are part ot 
the LaRC program in acoustics and noise reduction. 

Research on the interactive effects of broadband noise with mul t . frequency 
and multiaxis vibration has been conducted using the Langley Passenger Ride 
quality Simulator (PRQA) (ref. 4). This research has resulted in a general 
model and de.ign tool for prediction of passenger ride comfort wi hin complex 
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ride environments (ref. 5). The basic elements of the ride comfort model 
are illustrated in Figure 19 for the particular case where the ride environ- 
ment consists of interior noise combined with vibration in the vertical and 
lateral axes. The model uses empirically determined laws to compute discom- 
fort produced by vibration in each axis individually, combines these to 
obtain combined axes discomfort, corrects for trip duration, and then applies 
a correction for noise discomfort. Output of the model is a single number 
index measured along a ratio scale (Disc Scale) of discomfort where a vilue 
of unity is equal to discomfort threshold. Research is continuing to develop 
model corrections for narrowband noise, i.e., noise with significant tonal 
content. 


PSYCHOACOUSTICS 

The underestimation of effects of the impulsive nature of some helicopter 
noise nas often been singled out as the reason that present noise metrics inade- 
quately predict human response to helicopter noise. Recent research sucn . 
as reference 6, however, has indicated that other aspects of helicopter noise 
may be equally responsible. The psychoacoustic research program at Langley, 
as indicated in figures 2. 20. and 21 include both basic and applied studies 
to improve the quantifications of helicopter noise. Of particular interest in 
the basic program are the separate and combined influences of mam rotor, tail 
rotor and engine noises. In other more applied studies the main interest is 
how well the annoyance due to the noise of present and future helicopters is 
predicted by current and proposed noise metrics. 
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ADDITIONAL RESEARCH AREAS 

Two additional areas of rotorcraft research, not presently funded, are 
worthy of mention. Gear box noise is a major contributor to rotorcraft interior 
noise levels and is a prime focus in attempts to reduce these levels. The 
other area is engine noise. As the aerodynamic (rotating blade) sources of 
noise are reduced, turboshaft engine noise becomes significant and may represent 
a noise floor in the sense that airframe noise is considered a noise floor for 
CTOL aircraft. Present noise prediction methods ^or high-bypass-ratio jet 
engines may require modification for application to rotorcraft propulsion systems 
Both of these noise sources are Lewis Center areas of responsibility and will 
undoubtedly become elements of NASA's rotorcraft acoustics research program. 

SUMMARY 

In summary, the NASA rotorcraft acoustics program is a cooperative activity 
involving Acoustics and Noise Reduction Division and USARTLE Structures Labora- 
tory at Langley and the Helicopter and Powered Lift Division at Ames. 

The program comprises model- and full-scale aeroacoustic experiments 
together with development of a comprehensive analytical model of rotorcraft 
noise generating processes. Additional program elements include interior 
noise reduction and noise metrics research at Langley. 

Source noise reduction, a design-for-noise capability, interior noise 
control, and improved rotorcraft noise metrics constitute the basic thrusts of 
NASA's rotorcraft acoustics research program. 


j 
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Figure 1.- Rotorcraft program milestones. 











ROTORCRAFT PROGRAM MILESTONES (CONTINUED) 
A.JUSTICS 
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Figure 2.- Rotbrcraft program milestones (continued). 









EXECUTIVE SUORY OF ROTORCRAFT PROGRAMS 
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Figure 3.- Executive suiianary of rotorcraft programs. 


COMPARISOiJ OF CALCULATED AND K.EASURED FLYOVER SOUND PRESSURE LEVELS 

FOR AH-16 



COMPARISUN OF CALCULATED AND MEASURED HARMONICS FOR AH-IU 



Figure 5.- Comparison of calculated and measured hanr.onics tor Ah-IG. 
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Figure 7.- Blade system thickness noise comparison. 
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FIcjure B. -Blade/vortex interaction noise. 


HELICOPTER NOISE CONTRIBUTIONS FROM UNSTEADY 
LOADING SOURCES 
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Figure 9.- Helicopter noise cor "■ributions from unsteady loading sources. 
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Figure 11.- Executive summary of rotorcraft programs (continued). 
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ui-e 12.- KSRA iiTodel in V/SfOL tunnel. 
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igure 14.- UH-ID model in V/STOL tunnel. 
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MAJOR TASK DESCRIPTION CONTACTS 
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-vurtcx interaction study at Langley V/STOL tunne 





RIDE COMFORT MODEL EXAMPLE 



Figure. 19,- Ride comfort model example 
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L/^jCulive jUiL.vjry of rotorcraft programs (continued). 
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Fiqurn 2l\- Subjective evdiuation of helicopter noise con.;; 


NASA VIBRATION REDUCTION PROGRAM 
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airfrarr.e are incoinplete. An in-hou'>e team has formulated a complete computational procedure for 
practical analysis of vibrations of coupled rotor/ai rf rame systems. Attention is directed to 
treatment of the airframe and the procedure is commensurate with requirements for analytical 
support of structural design throughout the industrial design process. The rotor is represented 
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vibration absorber devices. Included in this program are flight experiments to evaluate the 
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ADVANCED VIBRATION Analytical research and assessment L. A. Haslim/Rotor Systems 

SUPPRESSION ROTOR studies are underway to select the most Flight Investigations Branch 

(FLIGHT RESEARCH ROTOR) promising advanced flight research rotors ARC/6575/532-06-1 1/532-03-11 

(ON GOING PROGRAM) from available rotor systems technology. 
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HAA/NASA ADVANCED ROTORCRAFT TECHNOLOGY WORKSHOP 




THE REGENERATIVE ENGINE MAY BECOME A MORE ATTRACTIVE OPTION 





ROTOR PERFOR^IANCE - CHART #6 



ACHIEVING A ROTOR L/D OF APPROXIMATELY 12 WOULD PROVIDE AN 11 PERCENT INCREASE IN FUEL 
EFFICIENCY. 


COMBI’iED EFFECT - CHART #7 

THE ARITH.METIC SUM OF ALL THE ELEMENTS ADD UP TO A 30 PERCENT GAIN IN FUEL EFFICIENCY. 
MOPE THAJJ HALF OF THIS GAIN DEPIV/"'; FROM AIP.FP7UIE DPAG REDUCTION AND MORE EFFICIENT 
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Chart 7. 
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To Be Responsive to Operator Needs 
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HAA/NASA ADVANCED ROTORCRAFT TECHNOLOGY WORKSHOP 

COMMENTS ON PERFORMANCE TECHNOLOGY 
Troy M. Gaffey 

I have only one point to make with respect to NASA’s program 
for rotorcraft aerodynamics — "The accuracy of rotorcraft perform- 
ance prediction is inadequate because of inadequate mathematical 
models.” Generally speaking, power required can be predicted to 
3% accuracy using state-of-the-art methodology. Three percent may 
sound good, but keep in mind that for a 10,000 pound helicopter, it 
represents two passengers in terms of hover payload and a 21% error 
in terms of OEI altitude (Fig. 1) . 

Industry must aim for 1% or better prediction in hover and 
minimum power required. To achieve this goal much improved, prac- 
tical analytical models of rotorcraft aerodynamics are required 
(Fig. 2). In order to validate these improved analytical models, 
test techniques must be improved to provide a data base accurate 
to better than 1%. 

NASA's research in these areas can make a significant contri- 
bution to improving the accuracy of performance prediction. 
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MMENDED PROGRAMS TO REDUCE 
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Sumr^ary of Remarks of Jack LanJgrebe 

(Chief, Aeromechanics Research Section, United Technologies Research Center) 
Panelist, Aerodynamics and Structures Technical Session 
HAA/NASA Advanced Rotorcraft Technology Workshop 


In addition to identifying NASA technical goals and selecting and prioritizing 
the rotorcraft technology tasks required to accomplish the goals, sufficient 
attention should be given to other aspects related to the means of achieving those 
goals in a manner which NASA and industry operate in a coordinated and efficient 
manner. I shall label the four aspects which I will address as "the four Is : 

-Inter-relationship 
-In ter discipline 
-Integration 
-Interaction 


r -relationship 


Greater attention should be given to the ’inter-relationship" of the various 
technical areas in the selection of specific programs and tasks reified to rotorcraft 
aerodynamics technology. Tt is well recognized that aerodynamic :cdies. particularly 
those' related to helicopter airflow and rotor airloads, can be directed to tne 
ebiectives of nerformance, structural loads, vibrations, handling qualities, stability, 
and/or noise. The requirements for each of these objectives and how they are. 
inter-relr-ted to the aerodvnamic characteristics must be recognized in the rornulation 
of research urograms. For example, it is well known that in the establishment of a 
proiect related'to blade airload methodology, that com, promises must be made regarding 
'the level of analytical sophistication and computer resource requirements. For any 
new analysis the selection of technical assumptions and the compromise between 
accuracy' and computer time and storage utlization directly determines which o. the 
above technical obiectives the resulting airloads prediction is applicable to. Tnis is 
exemplified bv the much more stringent aerodynamic methodology requirements ror 
vibrations and noise prediction as compared to perform.ance. In selecting and prioritizin 
the specific programs and tasks for NASA’s rotorcraft aerodynamics plan it is 
recom, mended that greater attention be given to avoiding the tendency to subdivide and 
separate tecanical objectives and prelect selection into the categories oi perrormance. 
vibrations, etc., and instead direct aerodynamic methods and tests toward consideration 
of reasonable combinations of those obiectjvos. 


T n 1 1' r discip line 

In order to address the inter-relationship between the above technical objectives, 
the rotorcraft technologists and planners m.ust become increasingly intordiscipUnary 
in their outlook and capabilities. The requirements tor combining tocnnica. disciplines 
(aerodynamics, dynamics, structures, acoustics, etc.) in research programs is increasing 
as the state of rotorcraft technology m.atures and problems directed at the total 
aircraft system become more prevalent. Aercelast ics. aeroacoust i cs . etc. must beeo..,o 
the interdisciplinary framework for technical projects. Technical plans, personne 


cap ab i ] i tics, a n*. * o r 


in 


izational structure should increasingly reflect this requirement. 
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Integration 


More advanced planning should be given to how the results of analytical studies 
and experimental programs will be integrated into the rotorcraft design and 
diagnostic computer codes. Although it is well recognized that fundamental studies 
of mechanisms and behavior are very much needed in the rotorcraft aerodynamics and 
structures fields, attention during project formulation as to hcv the data v.mII 
eventually be integrated into the engineering procedures utilized b> the helicopter 
industry will facilitate the transition from research results to or.gineering practice. 

I nteraction 

Government /industry planning and technical interaction in the rotorcraft field has 
increased in recent years as exemplified by this Advanced Technolog> ^*’orkshop. However, 
considering the recent increase in NASA rotorcraft activity aad th ^ accompanyi’:ig 
re-organization and influx of now staff, the following is recommended. NASA/ industry 
interaction should increase to the level such that there is a much improved co— awareness 
of current and planned activities among technical counterparts to avoid rciiundant 
efforts, improve cooperation on related efforts, and make greater use of existing 
computer codes and excerimental facilities. 
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Performance Session - Discussion 


. More efficient use of facilities is needed, and better 
coimuni cation between NASA and industry. 

. Extreme accuracy (i;j) is needed in performance prediction and 
perfonnance measurement. 

. Aerodynamics involves i nterdisci pi i nary interrela ti onships 
with other fields such as vibration and acoustics. Infr- 
action with workers in those fields is needed to integrate 
research and development. 

. Performance prediction at low speed under the transient 
conditions involved after engine failure needs attention. 
Operators want real twin engine safety and this implies 
adequate OEI performance. The regime is difficult to 
analyze or to test. Perhaps RSRA could be used. 

. Aerodynamic load prediction is not yet adequate for acoustics 
prediction. 

. Airloads on tail surfaces have become important to vibration. 

. Helicopter companies use far less large scale vnnd tunnel 
testing than fixed wing companies. The complexity of the 
problem suggests this is not right. 


Acoustics Panel 
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NASA Representative 

- Robert King, Hughes 

J. Phillip Raney, Langley 

William Wal'.s 

Boeing Vertol 

Charles Cox 

- Bell 

David Jenney 

Sikorsky 

Discussion 



II1-163 


* 


Robert J. King 
Hughes Helicopters Inc. 



Sumiivtry : 

Th*.* I’tiallonges tlie liel icopter .icoustics discipline l>ave intensified 

recently. Upceminy federal reyulations will require reduced external noise 
yenerat ion and reduced community noise exposure at heliports. Ihe incteasiny 
use of the iiellcopter as a larye scale people mover and VIP transport has 
placed hiyher priority on improvement of the internal noise environment. 

These requirements run counter to It ay term trends of hiyher speeds and liyhter 
welyht, more riyid structures which have tended to increase noise yenorataon. 
Technoloyy is required to reverse these trends. 

I'he primarv industry concern reyardiny tlie new noise reyulations is that thp- 
impose noise reductions wliich will require economic penalties to attain with 
the current state of tlie art in noise control. Technoloyv can be developed, 
to permit redesiyn of current production iiellcopters and desiyn of new models 
to me«>t such rules with reasonable economic impact, but it is not available 
ni'w . 


I'xternal Noise: 

The first eclielon problem area in external noise control is that oi • 

prediction. The currentlv available enyineeriny tvpe prediction ..lethod.s do 
not produce results which provide reasonable confidence oi meetiny a rule 
without unacceptablv larye des i yii maty ins. These maryins are unacceptable ^ 
because thev necessitate larye noise reductions which translate into economic 
nenalties. Further, the enyineeriny tvpe prediction approach does not provide 
iaiouch accuraev to properl v rank and define noise sources tor noise control 
trideoffs and evalu.ition of noise reduct ion modi f ic.it ions. Ihe research type 
prediction methods, wiiich provide some promise of ir.iprovenent . are severelv 
limited in their anpllc.ition bec.uise ot correspt'ndiny limits to aei omn.iraii. 
lead prediction. It is felt that a prediction approach combininy the enyi- 
neeriny and research methods is needed to treat the multi-source rotor noise 
problem with the desired accuraev, completeness, tlexibility. and anon- 
ibiliiv Development of such a method should ho one of the major thrusts ot 
the iony term helicopter aeoustics effort. The enyineeriny methods must .n- 
improved tl.rouyh .1 yreatly expanded experimental data base for use in the 
lonii. 

lurbosb.ift etiyine noise is an import. int seeoiularv source of helicopter ext ern.il 
noise that will emeryc as a lower noise limit as rotor noise is eontrolled. It 
Ins reeeived little attention in the past. Kesoareli must beyiii in earnest to 
develop means to control this noise, pteferablv at the .souree lather than vi.i 
,idd-on silenciny. so that they are avail.ible to complement lower rotor noise 

wlu ti needed . 
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Heliport noise regulations require a good deal more study before they can 
be established with a sound technical base. Available background informa- 
tion is‘ aimed predominantly at fixed wing aircraft and there are strong 
reservations among those In the helicopter industry regarding their appli- 
cability to this type of vehicle. The accuracy of the basic noise descriptor 
is in question as is the critical footprint methodology by wliich heliport 
criteria will he applied • Noise abatement capabilities of the helicopter 
liave not been investigated and incorporated into planning for such a rule 
and the basic environmental benefits which are its objective have not been 
properly assessed. The result, without t)ie needed technology development, 
could be criteria which penali;!e the helicopter industry with doubtful gains 
for tile community environment. 

Internal Noise: 

Tnternai noise prediction and control is in ,.eod of 'eclinology development 
like extern<il noise. However; in addition, the*-e i*- a lack of gtuierallv 
accepted criteria for internal noise in tlie. commercial field. The disert*te 
irn'd/high frequency dominated cliaracter of lieii^copter internal noise is quite 
different from tliat of transport catOj;orv or generd aviation airplanes. This 
character difference ciiangos tiio n' lat ionsti i ps between noise level, speech 
i nt er ferenct* , and annovance siu li that criteria desicjitui ft>r more common noise 
environments can not bi* applied. These re I at ionsii ips must be quantified and 
applicable rating scalt's iilentified so that T;anufactnrers and users can make 
i^'a!iingful critter in decisioiis. 

The abilitv io predict iTiterui! e.oist* levels and spectrum composition is 
similar to that describt'd above tor external noise. ApjUication of sound- 
prt>ofing to interiors to attain noise goals is no lon>;i*r adequate because of 
t!ie trend li> ligjit weiglit more ri>\id structures coiqiliui with more stringent 
criteria. Soundproo f i ng will no longer do the job vritli acceptable weicjit 
fractions, Witii tiiis simple add-on noise contia^l measure unavailable to do 
the entire job, more stipliist icated methods must be developed and used. 'These 
structural noise control methods must be applied, or at least allowed for, 
early in the helicopter design process. To do so requires that the extent 
of tlie noise pri'*b1em and soiirce/path features be identified early. Hence; 
prediction methods for internal noise are required for tlie same types of 
reastins that they are for “xternal noise. Tnfor t unate I v these methoils are 
less compU‘te and reliable tlian those for external nense. Tiiev must be 
developed to the point where tiu'v can be used ft'r reliable internal noise 
prediction in tiie preliminary design process so tliat tiie needed structural 
noise control measures c.in be incorporated into the system in a timelv manner. 
This is absolutely nect'ssary bec'ause it is an acci‘ptc‘d fact tiuit noise control 
accomplished as an add-on to an existing svstem is much more costly than that 
vhicli is preplanned. 
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Recommend at ions : 


’’‘etailed reaearcli recommendations are made in the vuj'raph presentation. The 
key to both external and internal noise control is tlu* di‘finition of sources 
and development of valid detailed prediction methods tOr them. Ihis provides 
tiie tools for controlling, noise. More work is n piired on the development 
and verification of criteria for heliport iii>ise closer inters and internal noise. 
Lastly, there must be an ongoing pro^;ram of evaluation of noise reduction means 
as they are identified to determine their noise/cosi payoffs relative to current 
methods . 
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ENGiFJE CASE AND GEAR NOISE REDUCTION IS REQUIRED FOB LSW CABIN NOISE 
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O DESIGN AND DEVELOP A LOW BROADBAND (AND DISCRETE 
FREQUENCY) NOISE ROTOR AND DEf/iONSTRATE ITS 
PERFORMANCE. 12S9 


HELICOPTER NOISE TECHNOLOGY 






HELICOPTER H03SE TECHI^OLOGY 


fJ\ 


\ 

\ 



LU 

CJ 

s 

< 

> . 
O cn 


<g 

LU 

CO ^ 


CC Q 
UJ — 

Q- r: 
o ° 
S s 


UJ 
^ UJ 

cc S 
O H- 
u. ^ 

s ^ 

o UJ 

ir 

Q- ^ 
Cr UJ 

o cr 

CO UJ 
UJ LU 

a 

o o 

pi ^ 

tu cc 
cr o 

LU 

•qC/D 


< =3 

C33 O 

-a o 

-r. 
^ O 

a S 


LU 

H- 


cr 

o tii 
^ tr 

tJ ^ o- 
C3 

UJ ^ 

cc 2 U 

LU I- UJ 
LU O S 
LU 

°= CC 5 

UJ CC ~ 
CC o CC 
;r o LU 

Um 

2: UJ o 
C3 Ec < 
s;: LU g: 

Ci LU < 
cn Q X 

a o “ 

< h- UJ 

C« lij f— 

CO VO cc 

o o 

^ “ LU 

CO ^ 
CD 

CD 
O 

^ LU CO 

H- ^ 
c/^ 5 < 
I— cc o 


< 

C3 Q 


CD X 




o 

O CO 


LU 


CO 
t ^ CD 

L^ O 

o 

c- tj <i 

i:r f/3 uu 

UJ S 

o 2 ^ 

h- cc 2 

CO UJ 2 

UJ a. < 

d 9 


CO 

O 

tc 


cu 

a 


ro 

^ — on 
<t < a* 


CO 

cc 

LU 

h- 

a. 

CD 

CO 

^ L 0 

^ w> 

LU ^ 

3C . 
u. ^ 

o o 

> I- 
I- CO 
LU LU 

5 ^ 

< cc 

5 o 

^ CO 
^ LU 

o ^ 
o 

< 2! 

> CC 
CC LU 
CD H- 
—9 cu 

O 


CD —I 
O LU 
CO X 
X LU 
H- X 

^ LU 

^ o 

^ >• 
h- CO 
CO 


C£ CO 
O CO 

o < 

O UJ 

H- X 


< 

cr 

h— 

^ Ln 
X CO 
LU cn 

K- ^ 

a. 

o S 

32 

LU H" 

X ^ 

Q X 

iff X 

<2 

X 


Ic 


■c^ 

X 


Q 


d 


o 

LU 

CO 

S 

< 

> to 

O CO 
;c2 cr> 
22 

< . 
lu£2 

^2 

2< 
tC X 

Ni LU 

cu 

o 


LU O 

o ^ 

H- qI 

< o 

CO Sf 
> ^ 
UJ UJ 

> X 

^ UJ 

X !x 

P 

LU 

CO >“ 
• • LU 
o CC 
tif Cl 
LU 

sS 

S LU 
=3 X 
LI H- 
L5 cc 
o ^ 

CO u« 

s p 

X 


X 

o 

LU 

CO 


X X 
LU 
> 
X 
LU 

*^•31 

IVl » 

< 

^ o 

X 

C3 <C 

LU ^ 
CO CO 

o :z 

£2 

LU 

LI llT 

LU LU 
>- O 

< LU 

ca 

< < 
LU H- 

i2 X 
O 


X • 
-a UJ 
CO 

CC 

0 UJ 
LU ^ 

LU < 

ui LO 

22 0 

LU ^ 

X ^ 

X \a 

LU -U 

X 0 

LU 0 

LU ^ 

LU LU 

H- 22 

Q. h- 

CU <3C 

Q X 


o 


CO 

X 

LU 

s 

o 

CO 


X 

X 

X 

o 

X 

o 


CO 

< 

X 


< 

o 

LU 

— 

o 

< 

X 

X 00 
LU an 

H- ^ 
X 

^ c/i 

S X 

< LU 

& 
E o 
X E 

(O -J 
X LU 

< X 


o 

o 

CO 


VI 

<u 

X 

CD 

3 

z 


IIM95 


O DEFINE SENEL CONTOURS FOR CURRENT COijli/.ERCIAL HELICOPTERS AND 
PREPARE MANUAL FOR PREDICTING L^n CONTOURS. 1S87 
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© DETERrifJE THE rJOISE/COST/PEnPORr.lAr^lCE TRADEOFFS FOR 
VARIABLE SPEED ROTOR SYSTEEIS 
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DEVELOP A METHOD OF PREDICTiWG CABIfJ TRAfJSMISSlOW WOlSE LEVELS TO 
WITHirJ ± 3 dB IN THE 500 TO 2000 Hz OCTAVE BANDS. 1986 


^ iu da 3 


> 

^ ui 

ca ^ 

gS 

UJ § 

U. 00 
® C3 



c3 hy 


h- r? 

51 

= 1^: 

K E 

CC < 

^ 2 

< i^ 

— H- 

cc s 

£5 

Q. 

>■ X 
CD CO 
O UJ 


a o 

2 CO 
tu 

t_ 

i- 

CS 

< " 

<C ts CO 

^ ^ 

— t— CJJ 

^ CC *- 

»— H- c/3 
UJ Lu 

S C3 

LU CO 

Q- O m 

X H- S 

^ _‘Li: 

C3 Ci- LU 

^ zz 

^ CO 

=3 ^ S£ 

>■ CS 5 

a o 2 

S3 LU CO 
h- 

CO — 

-> ‘^ M 

o s < 

iz £ 
t C3 S 

^ w 


a 


iii-:o7 


WM 

LU 
LU _i 

n. 

c/3 — 
UJ CJ 


S5< 


UJ O 
T» U ■ 

o J- 

> X 

r~> UJ 

=> O S 

2 £ fr 

h- ^ H 

> s 

< O CO 

g -t- CC 
5 < LU 

_i -j c; 

< o I— 

1—^0 

s: o 

LU .:2 JZ 

o ^ 


LU 

CC 

Cf 

2 i= 

< 

CC 

SSI 

o 

X 

Q. 

< 2 

t 

LU 

CL. 

t' «<• 

H- 

1- 

C?3 

Ui 

s S 

r- 

X 

r::,* 

CO 

< 

s 

CO 

g 

LU 

2 

u 

o 

=3 2 

cf 


< 

Zi 

CC 

UL 

CU. 

o 

CC 

o 55 

X 

UJ 

o 

X 

H- 

cu 

a. 

< 

o 

CO 

tt < 
UJ CC 

X 

LL. 

CC 

LU 

< 

CT“ 

CC 

o 

H* 

Ul 

Q- h- 

ca 

CL 


LL 


DEVELOP CRITEFUA FOR DESIGN, BUILD, AND TEST OF A LiiNli.iU.J ti d 
REDUCTION PASl'IVE ISOLATION SYSTEM FOR A SMALL AFJD A LARGE 
HELICOPTER. 1903 
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PERFORM OPiniOfj SURVEYS OTJ EXISTIi^G HELICOPTERS TO 
VERIFY THE AHr^OYAiJCE CRITERIA DEVELOPED. 1236 
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Hughes Helicopters 
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TECHF40L0GY TO ATTAliJ C0wF.lUF4ITY HOISE GOALS VJHILE SATISFYU4G US 
PERFORr-lANCE AI\1D COST fJEEDS 


p^^c■c;ID'.vc. pn.cE n r!or rlmeo 


William Walls 
Boeing Vertol 

BOEING RiD AIRPLANE NOISE REDUCTION EXPENDITURES 
(MILLIONS OF DOLLARS) 


YEAR 

BOEING 

FUNDED 

GOVERNMENT 

FUNDED 

TOTAL 

DOLLARS 

AVERAGE 

YEARLY 

MANPOWER 

1958 THROUGH 1964 

2.461 

0.322 

2.783 


1965 

1.384 1 

0.210 

1.594 


1966 

2.528 

0.925 

3.453 


1967 

3.197 

3.464 

6.661 

352 

1968 

10.957 

6.878 

17.835 

746 • 

1969 

8.508 

2.873 

11.381 

746 

1970 

4.447 

1.082 

5.529 

296 

1971 

3.594 

5.788 

9.382 

338 

1972 

6.031 

10.918 

16.949 

635 

1973 

9.668 

9.639 

19.303 

592 

1974 

5.866 

8.049 

13.915 

4 54 

1975 

7.499 

3.232 

10.731 

340 

1976 

8.584 

0.845 

9.429 

280' 

1977 

11.277 

0.569 

11.846 

308 

1978 

10.631 

0.407 

11.038 

289 

1979 

10.088 

0.339 

10.425 

1 356 

1 TOTAL 

106.718 

55.536 

162.54 

■ • 

1 1980 (ESTIMATE) 

i 

(13.866) 

(0.410) 

(14.026) 



NOTE: ABOVE EXPENDITURES DO NOT INCLUDE COSTS FOR SUPPORT OF 

PRODUCTION AIRPLANE NOISE REDUCTION ACTIVITIES TOTALING 
OVER 54 MILLION DOLLARS OR CAPITAL EXPENDITURES FOR 
ACOUSTIC TEST FACILITIES TOTALING OVER T8 MILLION DOLLARS. 

2-29-80 


Airplane manufacturers have invested heavily in noise research programs 
for many years, endeavoring to develop viable schemes that would reduce 
airplane noise. Boeing alone has averaged over 430 engineers, techni- 
cians, and skilled laborers working on noise-r alated activities during 
the past 13 years. Since 1958, expenditures on noise research have 
exceeded $160 million. This does not include some $18 million expended 
on sophisticated acoustic test facilities, or over $54 million for 
putting the research results into practice on production airplanes. 
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s. Jenney. Sikorsky 


A fvrst-principles analysis is needed, and it must be 
well correlated with reliable test data. Building a 
reliable data base is an important part of the task where 
NASA might work with FAA on test techniques and actual 
data gathering. It's important that we not oversell 

our capability, and thereby minimize the magnitude of 
the task. 

A wind tunnel capability to measure noise is needed. This 
should be planned for the 40' x 80* modification, and 

perhaps modeled ahead of time at smaller scale, to be sure 
it will work. 

NASA may be able to help invent and demonstrate noise 
reduction techniques - new tips, quiet tail rotors, 
internal dampening materials. 

Fundamental work is needed on noise descriptors. 
(Psychoacoustics). Community noise requirements must be 
reduced to measureable, not emotional requirements. 


PjAA*A§JPJl 


To some degree, rotor improvements to reduce noise will 
also improve performance, so in effect, the reduced noise 
is free. At some point, the benefits achievable this way 
run out, and a price must be paid. Today's quieter rotors 
are probably near that point, but no one knows just where 
that point is. 

Tail rotor noise is also important, but it's not on NASA's 
near-tenn plans. 

Rotor noise efforts must consider both blade loading effects 
and off-blade transonic effects. Each requires good 
knowledge of airflow environment around the rotor. 
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TEClifJOLOGY WORKSHOP 



HAA/NASA ADVANCED ROTORCRAFT TECHNOLOGY WORKSHOP 


ABSTRACT OF VIBR/.TION TECHNOLOGY OVERVIEW 
Troy M. Gaffey 

Rotorcraft vibration control has long been recognized as a 
challenging technical problem involving coupling of rotorcraft 
aerodynamics and dynamics (Fig. 1) • The physics of the rotor- 
craft vibration problem are so complex that it is not yet possible 
to accurately model the aerodynamic problem or the dynamic problem 
separately — let alone the coupled dynamics and aerodynamics. 

Vibration Control Approaches 

There are two approaches used to control rotorcraft vibration; 
the design approach where one attempts to design for inherent lev; 
vibration and the device approac’v where vibration control devices 
are added to the rotorcraft specifically for the purpose of con- ' 
trolling vibration (Fig. 2). Although the design approach has been 
used for many years, design technology is still inadequate to design 
in inherent low vibration as there is insufficient data available to 
permit designing rotors for minimal hub forces and moments and air- 
frame dynamic response cannot be accurately predicted. Furthermore, 
it is now apparent that factors such as the rotor downwash on the 
airframe and the airframe upwash acting on the rotor are imporuant 
factors in the rotorcraft vibration problem. Very little data is 
available with. regard to these factors (Fig. 3). 
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However, the device approach has progressed Lo the point where 
highly effective vibration controls are available. Such devices as 
hub and blade absorbers, pylon isolation schemes and cabin absorbers 
and isolation can, when used in conjunction with good dynamic design 
practice, provide a smooth ride at a weight penalty of 2 co 3 per- 
cent of gross weight. Of course, these vibration controls do have 

an adverse effect on operating costs in the sense they require j 

3 

maintenance and repairs or replacement. 

Figure 4 is an example of the vibration control devices used 
on three ”3rd generation" civil nelicopters. Note that in spite of 
size or number of blades similar approaches and weight penalties 
were required to achieve the smooth ride expected of these modern 

I 

helicopters . ' \ 

i 

1 

The vibration control devices used on the Dell Model 222 are ] 

j 

illustrated in Figure 5. In addition to the Nodal Beam, which iso- | 

i 

lates the airframe from rotor 2/rev hub forces the 222 uses two i 

other devices. Hub mounted inplane pendular absorbers are used to = 

suppress 3/rev inplane vibration — controlling 4/rev in the fuselage. ' 

A 2/rev Frahm absorber is mounted in tac nose to control 2/rev lat- j 

] 

eral vibration resulting from main rotor downvrash impacting on the j 

j 

fin. Figure 6 shows measured vibration levels and compares the j 

measured vibration with BHT comfort goals. The 222 is considered ? 

to have a very smooth ride. J 

Trends in Vibrat.^on Control Technology j 

There are two trends in vibration control tcchr^ology (Fig. 7) . 1 

First, devices are being refined and improved such that they cost ^ 

loss weight, are more effective, and have better R&M characteristics i 
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(Fig. 8). Now devices such as Harmonic Control (HC) are being 
developed. In the near term it is expected that vibration control 
devices will be required on new helicopter designs. Second, con- 
siaerable research is ongoing or planned to cc^ntrol vibration by 
passive aerodynamics and dynamic tailoring of the rotor and 
fuselage (Fig. 9). This far-term vibration control approach is 
expected to reduce dependence on vibration control devices and 
will pay off in terms of reduced vibration control weight and 

cost and improved R&M. 

Re commended Focus for NASA Vibra^ ionJ^eseatch 

NASA should focus on developing the methodology and data 
base needed to design for inherent low vibration. The key needs 
are: (1) technology to design rotors for minimal hub forces and 

moments, and (2) technology to design airframes for minimal 
dynamic response. 

It '...euld be noted that the U.S. Army has a strong program 
directed at further developing the device approach (see Dr. W. 
White’s presentation). Consequently, NASA need not feel the 
development of improved vibration control devices is being over- 

looked .. 

The above reco.nmendation is in accord with those made by 
the Aeronautics and Space Kngineering Board of the National 
Research Council in 1978 and the NASA Aeronautics Advisory 
Committee Rotorcraft Subcommittee in 1979 and 1980. 




Figure 1. ROTORCRAFT VIBRATION 



Figure 2. UVtKVlLW Ul- vibK/uiun luhikul /\m\uMunto 
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Figure 3. THE STATE OF THE ART OF VIBRATION CONTROL TECHNOLOGY 
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DEVICES CONTRIBUTE TO OPERATING COST 


Figure 4. VIBRATION CONTROL DEVICES USED ON SEVERAL MODERN HELICOPTERS 




Figure 5. BELL MODEL 222 VIBRATION CONTROL DEVICES 









Figure 7. TRENDS IN VIBRATION CONTROL TECHNOLOGY 
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Figure 8. EXAMPLE OF REF1NEI1EHT OF VIBRATION CONTROL DEVICES 
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- IMPROVED m 


Fiouke 9. EXAMPLE OF PASSIVE APPROACH POTENTIAL 



RADIAL LOCATION OF HEIGHT <10 LB) 
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Willi am F. White Jr 
Army Structures Laboratory (AVRADCOM) 

AR.MY VIBRATION RESEARCH 


Kistorically , helicopter vibrations have been reduced follovdng advances 
in the basic disciplines of aerodynamics and structural mechanics <, Figure (1) 
illustrates this general trend with early improvements being accomplished 
primarily by gradual improvements in vibration design approaches* The con- 
tinuing downward trend over the past two decades has predominantly resulted 
from the application of numerous vibration control devices* As shown in 
figure (2), increasingly stringent vibration specifications and acceptance 
of these devices as a primary solution to the vibration problem have resulted 
in significant vibration control v/eight penalties* 

Although figure (1) shows significant improvement over the years, current 
vibration levels are usually achieved by extensive development testing with 
the attendant increase in system acquisition cost. The severity of the impact 
of vibration on helicopter acquisition cost is illustrated in figure (3) which 
shows typical vibration levels of effort during the development cycle of recent 
procurement programs* During the design phase, there is an increasing level of 
effort until first flight. At this point, an abrupt increase occurs that extends 
well into the development cycle ani is now extremely costly* Vibration can have 
a significant impact on overall system productivity* The major areas most often 
subject to degradation from excessive vibration include: flight envelope limita- 

tions, human factors, fatigue life, relicibility and maintainability. 

Possible solutions to the vibration problem are ciassified into two com- 
plementary categories* These are defined as: (1) vibration design technology 

which involves selection of design parameters to yield low inherent vibration 
levels, and (2) vibration control devices which minimize either rotating or 
fixed system vibratory loads* In practice this division is not possible due 
to the dependence of vibration control devices on the dynamics of their 
operating environment. The optimum vibration solution involv^^s selection of 
those coTTtbinations of configuration param.eters and control devices that mini- 
mizes the impact of vibration on total system productivity* 


Vibration design technology involves selection of basic design parameters, 
subject to other constraints, to yield low inherent vibration levels* This 
process depends on a fundamental understanding of thoee combinations of param- 
eters that govern vibratory response* Equally important is the availability 
of analytical methodology and experimental data bases to guide the selection 
process. Special and general purpose rotor loads analyses supplemented by 
data bases are available to select rotor geometric, ‘nertial, and elastic 
param.eters to minimize blade root vibi\3tory loads. Airframe design tech- 
nology has evolved into the application of large-scale finite element models 
supported by structural op^imization and parameter identification techniques. 
Rotor/ airfram*e interface design methodology is rapidly improving in the area 
of analytical modeling of structural interface coupling. Although there has 
been considerable progress, vibration design technology is inadequate at ail 
levels of the design process* Correlation and comparative studies of rotor 
and airfram.e analyses have repeatedly demonstrated the inadequacies of existing 
design technology* Furthcrm.ore , recent Army helicopter developm.ent programs 
illustrate that significant voids exist in design technology that consistently 
load to high inherent vibration and extensive develoDmient testing* 
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Increasingly stringent Army vibration specifications and voids in design 
technology have resulted in the development of a wide variety of vibration 
control devices. In fact, recent trends in helicopter vibration design indicate 
an acceptance of these devices as the primary solution of the vibration problem. 
These devices include rotating absorbers, higher harmonic control, fixed-system 
absorbers, and rotor isolation devices placed between the rotor and airframe 
interface. LxDcal isolators have been used to isolate seats, instrument panels, 
cabin floors, fuel tanks, and other vibration sensitive dynamic components. 
Although the basic principles of most vibration control devices are well under- 
stood, the state-of-the-art in vibration control technology is such that 
successful application often requires extensive trial-and-error testing. A 
major difficulty with the integration of control devices is the ability to 
predict their operating environment as characterized by- the coupled rotor/ 
control device /airframe system. 

Vibration testing involves experimental investigation of structural 
transfer functions, aerodynamic forcing functions, system response, and 
empirical standards to evaluate the vibration environment « Vibration testing 
serves two valuable purposes in helicopter dynamics. Fir'st, it provides a 
basis for und»'rstanding the dynamic and vibratory load environment. Second, 
it supplements voids in existing analytical capability. As conventionally 
practiced, most helicopter vibration tests provide limited information for 
resolving vibration issues. Helicopter flight vibration tests provide a 
direct measure of the actual vibration environment, while full-scale airframe 
ground vibration tests are most often conducted to correlate analytical pre- 
dictions of airframe resonances and mode shapes^ Typically, vibration prob- 
lems of the full-scale airframe are extremely difficult to quantify and have 
^ eon solved during the development c'^cle by trial-and-error ground and flight 
vibration testing. Since helicopter vinration problenis inherently suru ace 
alter the test vehicle has been flown, the development of improved ground 
and flight testing methodology is critical to the vibration solution process. 

Vt'ind tunnel testing continues to be a fundamental experimental technique 
to investigate vibratory loads. From the vibration viewp’oint, the primary 
concerns include both rotor shaft and wake— induced vibratory loads, llie 
principal benefits of wind tunnel investigations of vibratory loads incluee 
a sorting out of the interplay or variables, improved understanding of the 
physical mechanisms, and most importantly, identifying what more needs to 
be known so that adequate vibx^ation design guidelines may be formulated and 
sc that applicable analytical methodology may be developed. 

There has been considerable testing to establish human vibration 
exposure criteria. In many areas it is difficult to extract reliable 
r.oiieralizat ions from' the pui'>lished literature. In general, the data have 
been taken under a wide variety of conditions and liave been extrapolated 
to establish subjective human comfort criteria. The extrapolation of 
existing luiman factors data introduces two tprobleris. First, there is the 
pcssibilitv ^'f obtaining, unnocessarOy severe criteria. It vibrcition 
/roc i I iccit ions are reduced below 1'eoj.istic levels retAiired for military 
aprlicaticns, there is a decrease in system productivity due to a rapidly 
increasing weight renaltv. Second, existing data do not provide a rational 
: asis for extrapolat ion in many areas of concern. 
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PROGRESS IN HELICOPTER VIBRATION CONTROL 






TIME 



IMPACT OF VIBRATIOFJS OK SYSTEPjI ACQUISITION 



CATEGORIES OF VIBRATION RESEARCH 
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VIBRATION TESTING 
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CONCLUSIONS 
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©HUMAN FACTORS VIBRATION DATA BASE 


E. R. Wood 

Hughes Helicopters Inc. 

COMMKNTS ON VIBRATION REDUCTION 
FOR HA.\/NASA ADVANCED TECHNOLOGY WORK SHOP 

NASA's recent emphasis on improved modelling for helicopter fuselage 
dynamics is to be commended. Especially ncteworthy is the recent Boeing-Vertol 
contract for an improved dynamic NASTRAN finite element model. This program is 
being fuiided by the NASA-Langley Research Center. We are plefised by the struc- 
ture of the program in that it permits all of the helicopter companies to parti- 
cipate. Also, we are pleased that in this activity emphasis has been placed on 
having a company use the same structural model for dynamic NASTRAN as used by 
the structures' people for static loads and stresses. It is not only costly to 
maintain two separate N.\STRAN structural models, but also difficult to keep 
each both equally well updated. 

While good mathematical models are important, we should be careful not 
to overemphasize the role of finite element models in helicopter dynamics. 

Once the aircraft is built and vibration tests complete, we have the opportunity 
to take advantage of analyses based upon use of dactual aircraft dynamic test 
data. We have found experimental vibration data to be invaluable in analyses 
to explore such areas as: (1) frequency dianges due to changes xn stiffness 

and mass distribution; (2) mobility studies to determine the optimum location 
for fixed tuned vibration absorbers; and (3) establishing dynamic forced 
response of the fuselage by modal superposition* 

Another area where we would encourage NASA support is in research to 
explore the relative contribution to fuselage vibration due to main rotor and 
horizontal tail surface excitation respectively. For example, n»st dynamicists 
agree that the relatively high vibration levels experienced in helicopters in 
the 30 to AO knot regime are primarily due to main rotor excitation resulting 
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from blade-vortex interaction. Not as well understood, however, is the source 
of high speed vibration. Inflight investigations at Hughes Helicopters have 
shown that significant excitation at high speed arises from the main rotor wake 
impinging on the horizontal stabilizer. For example, we recently flew one of 
our helicopters to 100 knots with and without a horizontal f .il surface. The 
data showed vibration levels at 100 knots without the tail surface to be about 
one-third those measured with the tail surface installed. This area is open 
for further investigation by NASA researchers. 

My comnents would not be complete without some mention of Higher Harmonic 
Control. This subject evoked considerable interest at the AHS Foru,n last May, 
and already some discussion at this meeting. We at Hughes are fortunate to be 
tasked with the NASA/Army project to flight test a higher harmonic control 
system on an OH-6A in August 1981. I believe that both Government and industry 
are watching this effort to see whether HllC offers the promise to reduce heli- 
copter vibration levels by such an amount as to bring us closer to our long- 
sought dream of a jet-smooth ride. As most of you are aware, the first efforts 
in this area were done by Jan Drees of Bell in 1963 on an UH— lA using mcc!'anical 
means. Today with the promise of advanced mlniturized electronics, it appears 
that we have a better opportunity of meeting that goal. Should MHC prove feasi- 
ble, there is little question in my mind that the rest of our industry would 
move quickly to incorporate such a concept in their helicopters. We feel we 
have a sobering responsibility to all of you in making sure that our forthcoming 
line flight test program provides an objective and lionest evaluation. 


D. S. Jenney - Sikorsky 


Key Points: 

1. Government and industry must develop and correlate 

a predictive capability so vibrations can be reliably 
treated at the design stage. 

2. Vibrations should be reduced at the source. Better 
reliability of hardware will be the primary benefit 
now that passenger levels are low. 

3. New vibration concepts such as HHC need test and 
evaluation - of sufficient scope to be sure the 
proper conclusions on their viability are reached. 

4. Operational problems of track and balance and vibration 
trouble-shooting deserve some fundamental research. 
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USER-ORIEiiTtD VIBRATION PROBLEMS 






NASA's NASTRAN correlation efforts using the CH-47 are 
an updated repeat of earlier attempts to correlate 
with the CH'53. Opinions on the likelihood of success 
varied widely. There have been many failures at attempts 
to use NASTRAN for dynamics predictions - probably related to 
inability to adequately describe the structure, not to any 
errors of the program itself. 

When hardware is available, modal models based on shake 
test can be more accurate, useful math models, than a 
finite-element model. 

NASA was urged to develop some generalized vibration test 
facility. Earlier guidance to NASA has pointed away from 
configuration-specific solutions, so the facility would 
have to be generic. Perhaps NASA would better fund 
individual organizations to build thcV (several) specific 
capabilities. That is the approach now being taken. 

What is the follow-on to higher harmonic control tests on 
the OH-6? No further funds allocated. Results to be 
correlated and technology available to new production - 
perhaps AH-64 or UH-60. If results are poor or marginal, 
more ’resources should be applied to be sure we get a proper 
evaluation. 

Should NASA support rotor hub concept development? 

Responses varied from "no" to "yes, as part of total 
rotor improvement." 
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rnMrc^«;TT K AFrr.ICATlONS FOR H rLTCOrTERS 
UAA/NASA Advanc.ul Kotorcraft Tochnolor.y Workshop 


Ur> Army Ko:;oarch v. Tocii: 


John !»• Sh\p.loy 
‘vt* I' \AO 1 1 u'O a Lv il’* o t o ry 

t. 'iVvhnolOi'.y I.aboratorior. (AVliADCOM) 


. • r 4> V n».-r succosstul hcllcoptor, there have been 

Almost from the boi'.i.nninf’. o u. j . jorm into helicopters, 

^.poradic attempts to incorporate ^ " cow] ini's cm the R-!>A and stroam- 
in .IMH 3 Sikorsky had plasUo ipS^aas;; Sth on the R-GA. As early 

.liniipi'. with mo.UU'd p]a:.t»>- p„nnMtevl r.kin we i r.h i >k'’. dh pounds was 

as an aU t .I'orp.la;'.:. and \ - ^ l ix-;t all conmosito primary 

,ucoesslullv tesced and J ar^ Kaman nii-haH and flown 

,;trucU.re was the. 1 ihere.lass rotor ' V'",.,. ono-lor-ouo molal roplaec- 

in ltu>:> but did not outer preHh.c un K . .u a lor motals 

r.ont made U casts' doo.vased. the et torts to apply 

U,c>vasod and oompo.-.lo ' \ ^ W in 1-/0 inmrjMass 

composi.os nown m Uu. same 

btaJ.os v;oro IVosn on t iu cov.vos'.ito llieiit ooiitro.s v;oro 

vc!iooplor Itv^ ■ -V uVt L ot‘oo-.,.rositos was inUiatod with 

ck-oouslratod and a uurabvl.-t ^ ' .-olnUnvoa tail oono on t ho CU-.'l. 

tha llipbt sorvioo proe.ram o ‘ ^ c 4, - i tos. oan bo as.sos.s.od t>y tt.o 

='’';‘"‘'^'‘4’47;’;b ;/:v 4 p'nod V.. ‘tt.-.s a,... tor the pas.t tow yo u-s. 
:;:,-.iiiUoaa! i vo>u:- wlim.h I..A. • ■ , sio.los. In I'lV-’l tt.e Army s 

will, militarv rolatod auvra t " \ lUanium and com- 

,.o-.ite roioi- . composU.- lu.ti roior o...... - - - 

Kovlar ' J APvaMoed At t aok Uel i oopl or was t town wUti met al 

also Losted. m laa. tlu. A.a ^ exterior surtaoc mauo 

raw! libore.lass multipto ..y _ ^ ^ compos i I e maniit act urine, 

iron Kevlar and plass. VJ'; i ly w i Ui an all compos.ite multiple 

nexibility provided 7 compa.;ito drive sbal t was demons, rated. 

Ir.bular V l‘ |;\,,,vnt wiudine. ot lare.e oom.pouonls was 

In 1070 tbo Jo.u.tbrl U ^ ^ ^ t ; eel woness ol 

d.omanstrateu wi.n a ..a . . .. compoiumts.. As a part oi mu,- 

all bonded struolu-'es on tl>^ ' ■> • comrosile main rotor 

^7dV>>vo.-;;;- ''-JH,;;; ye!u- IW :o::sibililv C an oomposUe 
bl.idor. were t town ui ■<• ^ . .. a,. t'M hu s.vt.tem, .md eompositi' landin,. 

buOs wore o' 7 mi ' A-.'V'art o! another Army pividnot im-provoment 

u„. K..,S,.Oo. - 


rod 1 1 ip.ht ,m 


in 10 7 ; 


. , , o .o,.J oftort ta' intrv'duoe lt>e ! ('.•es.'iv.i.l api’l'ca'i 

■n.-:s system. tie '“'d p,^.,,,,..c ot their poa-n- 

oi comp.isiles :n • uitoroa.l 1 1 ' ll.e Ari..v. In the are.i o 
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XN?duced detectability# Acquisition and operational costs of helicopters 
can be reduced by composites through reduction in manufacturing; manhours, 
rcxu material x-equiiemonts , pai'ts counts, and nuintenanoe manhours per 
lllpht hour. In addition, composites should improve lield repairability , 
availability and utilisation lilc. Studies have shown that these advantap,es 
of composites are applicable to over of the helicopters empty weipjit, 
and that orr,anic matrix composites aiv ideally suited for about 95% of those 
applications with metal mati'ix composites best suited with the remaining. 5% 
of those applications. 

Component and systems studios and development \^roy,i\ms have substantiated 
these potential benefits of composites. Tor mejin rotor bltidos, composites 
offer a 10% weir.ht and cost ix'duction in addition to aeroelastic tailoi*'- 
abi.lity, ballistic tolerance and iiapi'cved producibi 1 i ly . In the ai'ea of 

the hub, composites pi’ovidc the capability for failsafe dosic.ns as well 
as a weipht reduction and 50% coict roduetiotu Application of composites 
to tail rotors will I'osull in reduced maintenance, ?5% cost ivduotion, and 
a 10% woipht roduct ion. These invos tipat ions and devo Uipnient pror,rams liave 
shown that all cor.posite landiiij; e.oars can i'er>ull in improved crasliwort h iness* , 
?f>% cost reduction, and a 10% weip.ht reduct ion. Oevelopir.ont proea'vuns in air- 
fivimo compoutMits Ivive led to the conclusion tint weir.ht and cost I'educlions. 
on the oi'der ot dC% can be achit'ved tlrcour.h the appl ioat ion vxf . compos i t es to 
b.elicopter fuselap,es. Those invos> t i r.a I i ons pave impetus lo the Army's pre- 
dosirn studies e.nd subseepaent KbP for Uio Advaiu'od C'ompositt' Aiid rame 
Pr'ocram. In *.iddition to providinp 1o!' eiu'rent day spec i i icat ions, with 
vey^^wd to ballistic tv^let'ance , crashwor t h i ness , reliability, at\d maintain- 
ability, a in I jor proeram f,oal is to dcmons.trate a airframe weir.ht 
savinrs. and a 17% reduction in airfi'ame acvpilsition costs. In addiition to 
don\" 5 n.strat ion ot tr.e :mprov<MntMit s in viirframe performance and capvilvil.il y 
tbrour.h tb.e us.e of advanoe<l materials, tlie AdAP Prorram's ob;) oc t ive is to 
establish confli!enee in eonpositos within Uie helicoptet' iiuluslry and the 
potent iai users. 

The Army*!; At'AP Ih'oe.rvim and development demons! rat ion proravum; at the 
component level leprosont <\ 1 e<.'hno lor.y potential of compoi^iles. 

V/ithln this tochnolopy, the factors Vv’hich tiffect or restrict the full 
realiz. ition of composite potential eont inues to bo the required demon- 
stration to the user, pi'odueer, caul certifier prior to advocation on a 
rmijor system; hirb. cost of roi eareh and e.evelopment prohibit!; tlie 
his.torical cut-and-li'V technique:;; eons-erwit i ve Uai.rue and ilurabllity 
de.sipn allowablt.:!, p.:e based on limited knowledr.e and in some case:;, 
prevailing, lamiors ; ib.e Jinalytical and do:;ir.n technique:; a.vailablo in 
tlu' laboiatory arc r.ol reflected in the production des.Ipn technique:;; 

(Uie- .tor-one composite ro\'> ,1 acement s foi^ the iveta.l c'Ounlerp<ir t is. 
still prohibitive; tb.e ent^rry absorption and ir.pact damar.e toleiMnee 
ot composites ha:; to be Inereat^ed to that ot metals tMllier throur.i; 
nateria.l c hanr.es or d.ec;ir.u eoneepls; and structural opt Imi :*.a t i on through 
the appllcatic*n o: cor;po:;ites loi' :;tatie jUreiprlii and. dynamic tuninp. has 
to bo \m 1 Ldated* T: os.e fat'tor:; repivst'ut tlr atwis of emphas.Is for the 
next p.eiPUMt ion coaosite tovdinolopy tor hel I 'op tors ^ 
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HELICOPTER STRUCTURES AMD MATERIALS HISTOR 
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INCREASED AVAILABILITY 
INCREASED UTILIZATION LIFE 


potential advantages of composite rotor blades 
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ADVAMCtD COf^POSITE AIRFRAME PROCRAf.1 

(ACAP) 
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Composites Session - Discussion 

. How can we better standardize on materials? With the 
present system, requalification results if a different 
manufacturer is used. The USAF design guide does not 
help, nor d^es the updated DOD-NASA advanced composite 
design guide. 



The effect of environmental exposure, particularly moisture, 
on composites was debated. Many components have seen years 
of service without a problem, but any controlled tests show 
a significant degradation. Probably, lab tests are more 
severe than the real environment they simulate, and at the 
same time, early design applications were conservative 
enough so that some loss of properties was not enough to 
cause failures. 


'why are composites so slow in being accepted? Answers 

offered were: cost; lack of expertise in using the I 

materials, technological conservatism, lack of a "need" j 

until fuel and strategic metals became scarce. • 

f 

■p 

It was noted that NASA 's effort on R&D is on ^v_ance^ composi tes , j- 

not the simpler application of fiberglass to replace Iv 

'n 

metals. f/ 





